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Mold-Releasing Sheet and the Same Manufacturing Apparatus 



Technical Field 

The present invention relates to a method of manufacturing double-sided 
boards or multi-layer boards in which circuit-patterns in plural layers are 
10 coupled to each other, a mold-releasing sheet, a manufacturing apparatus of 
boards, and a method of manufacturing boards using the same mold-releasing 
sheet and the same manufacturing apparatus. 

Background Art 

15 In recent years, electronic devices have been downsized and packed with 

components at a higher density. This trend accompanies a strong request to 
use multi-layer boards not only in the industrial electronic field but also in the 
consumer electronic field. A denser populated multi-layer board, among others, 
depends on a multi-layering accuracy of multi-layered circuit patterns about its 

20 performance because the circuit-patterns become formed of finer pitches. Thus 
a higher multi-layering accuracy as well as a more productive multi-layering 
method is demanded. 

A conventional method of manufacturing multi-layer boards, in 
particular, four-layer boards is described hereinafter. First, a method of 

25 manufacturing double-sided boards (two-layer boards) that is a base of 
multi-layer boards is described. 



Figs. 5A — 5F show sectional views of the conventional manufacturing 
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method of double -sided boards. Fig. 5A shows aramid-epoxy sheet 51 
(hereinafter referred to as prepreg) and via 52. Prepreg 51 is formed of 
composite in which thermosetting epoxy resin is impregnated into non-woven 
fabric, of which dimensions are 400 mm square and 150 ii m deep, formed of 
5 aromatic polyamide fiber. Via 51 is formed by filling a through hole, which is 
processed by laser machining, with conductive paste by printing. The prepreg 
is a composite formed of base material, such as glass-cloth or paper, 
impregnated with resin before undergoing a drying process to become a 
semi-hardened state. 

10 Fig. 5B shows copper foil 53a, heater-punches 54a, 54b of which tip is 

approx. 10mm across, mold-releasing sheet 55 formed of fluoro-resin, and 
positioning stage 56. Positioning vias (not shown) prepared to prepreg 51 are 
positioned on copper 53a by using a recognition device (not shown) such as CCD, 
then prepreg 51 is laminated thereon. Given places of prepreg 51 are pressed 

15 and heated by, via mold-releasing sheet 55, heater-punches 54a and 54b heated 
up to approx. 300°C and with a pressure of 0.1 Mpa for approx. 3 seconds, 
thereby melting the thermosetting epoxy resin of prepreg 51 for rigidly bonding 
prepreg 51 to copper foil 53a. 

Next, as shown in Fig. 5C, the heat and press by heater-punches 54a, 54b 

20 are removed, then sheet 55 is peeled off. Reference mark 63 indicates recessed 
places pressed and heated by heater-punches 54a, 54b. 

Then as shown in Fig. 5D, laminate copper foil 53b on prepreg 51 such 
that prepreg 51 is sandwiched by foils 53a and 53b. Press and heat given 
places on prepreg 51 and copper foil 53a by heater-punches 54a, 54b heated up 

25 to approx. 100°C with a pressure of 0.7 Mpa for approx. 3 seconds, thereby 
rigidly bonding foil 53b onto prepreg 51. As a result, upper and lower copper 
foils 53a, 53b are bonded to prepreg 51. The second press is done at the given 
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places different from those of the first ones, so that solid bonding between 
respective copper foils 53a, 53b and prepreg 51 is completed. 

Next, as shown in Fig. 5E, set a hot-press (not shown) at 200°C and with 
5 Mpa and heat and press prepreg 51 for approx. 2 hours with this hot-press, 
5 thereby melting and hardening the thermosetting epoxy resin for bonding 
upper and lower copper foils 53a, 53b solidly onto prepreg 51. At the same 
time, cut off surplus copper foil on end face 5 IT, thereby completing a laminated 
sheet having two layers of copper-clad. Upper and lower copper foils 53a, 53b 
are electrically coupled to each other by vias 52 filled with conductive paste. 
10 Next, as shown in Fig. 5F, remove selectively copper foils from given 

places on the surfacce of copper-clad laminated board 57 by etching, and form 
circuit patterns 58, thereby completing board 59. 

Figs. 6A — 6F show sectional views illustrating steps of a conventional 
manufacturing method of multi-layer boards, e.g. four-layer boards among 
15 others. In Fig. 6A, copper foil 53a and prepreg 51a are placed on positioning 
stage 56 undergone the same steps described in Figs. 5A - 5F. 

Then laminate board 59 as an inner layer core-board onto prepreg 51a. 
This lamination is done after a positioning pattern (not shown) formed on board 
59 is positioned with positioning vias (not shown) prepared on prepreg 51a by a 
20 recognition device (not shown) such as CCD. 

After the lamination, press and heat prepreg 51 at given places via 
mold-releasing sheet 55 by heater-punches 54a, 54b heated up to approx. 300°C 
for approx. 3 seconds. As a result, copper foil 53a, prepreg 51a, and board 59 
are rigidly bonded to each other. 
25 Next, as shown in Fig. 6B, detect and recognize positioning vias (not 

shown) of prepreg 51b by a recognition device such as CCD, then prepreg 51b is 
positioned with the positioning pattern formed on board 59 already fixed onto 



4 



stage 56. After the positioning, laminate prepreg 51b onto board 59. 

Next, press and heat board 59 at given places via mold-releasing sheet 55 
by heater-punches 54a, 54b heated up to approx. 300°C for approx. 3 seconds, 
thereby rigidly bonding board 59 and prepreg 51b to each other. 
5 Then as shown in Fig. 6C, laminate copper foil 53b onto prepreg 51b, and 

press and heat foil 53b at given places by heater-punches 54a, 54b heated up to 
300°C for 3 seconds. This press and heat bonds lower copper foil 53a, lower 
prepreg 51a, board 59, upper prepreg 51b, and upper copper foil 53b 
respectively to each other, and they are fixed to each other. 

10 Next, as shown in Fig. 6D, set the hot-press (not shown) at 200°C with 5 

Mpa, and press and heat the entire laminated unit including board 59 for 
approx. 2 hours by the hot-press. This press and heat melts the thermosetting 
epoxy resin included in upper and lower prep re gs 51a, 51b, thereby rigidly 
bonding upper and lower copper foils 53a, 53b, upper and lower prepreg 51a, 

15 51b to each other with the thermosetting epoxy resin. As a result, four-layer 
and copper-clad board 60 is produced. 

Further, as shown in Fig. 6E, remove selectively the copper foil from 
given places on the surface of four-layer copper-clad board 60 by etching, and 
form circuit patterns 61, thereby completing multi-layer board 62 having four 

20 layers. 

If more layers are needed to multi-layer board 62, repeat the steps 
discussed above using four-layer board 62 shown in Fig. 6E as a core board. 

Prior art including what is discussed above is disclosed, e.g. in Japanese 
Patent Application Non-Examined Publication No. H07 - 283534. 
25 Fig. 7 shows a schematic diagram illustrating problems in the prior art. 

Mold-releasing sheet 55 is disposed between heater-punch 54 and prepreg 51. 
This placement allows pressing and heating prepreg 51 at given places free 
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from dirtying or damaging heater-punch 54. This placement also allows the 
resin included in prepreg 51 to be completely hardened for bonding prepreg 51 
to copper foils 53a, 53b. However, the the given places pressed and heated are 
still kept at a high temperature, and thermosetting epoxy resin 62 included in 
5 prepreg 51 is still in a melting state. Since prepreg 51 is still welded with 
sheet 55, parts of resin 62 melted is attached to or absorbed by sheet 55 when 
sheet 55 is peeled off. 

Sections 63 recessed due to the press and heat at a high temperature 
have less resin because the resin is melted to flow out, so that the core member 

10 of prepreg 51 is exposed. In other words, sections 63 are recessed due to the 
press and heat by heater-punch 54, and have little resin because the resin is 
melted at a high temperature and pressed, whereby the resin is pushed away. 

The resin pushed away is attached to mold-releasing sheet 55, and 
removed, so that recessed sections 63 become short of resin. The resin still 

15 remained there has been hardened almost completely, so that uniform thickness 
in resin cannot be expected even if some resin flows in from the vicinity in an 
onward step using a hot-press. Therefore, recessed sections 63 are left in a 
porous state, so that etching solution tends to enter into recessed sections 63. 

In other words, according to the conventional manufacturing method, 

20 prepreg 51 is pressed and heated at a high temperature when prepreg 51 is 
laminated and rigidly bonded onto the copper foil or a core board, so that the 
resin at the pressed section flows out and is completely hardened. As a result, 
the core member of prepreg 51 is exposed and left in a porous state. The users 
have been obliged to accept this inconvenience. 

25 If undesirable porous sections occur on prepreg 51, etching solution 

enters into those sections when circuit patterns are formed, and residue of the 
etching solution adversely influences the remaining manufacturing steps. The 



6 



users also have been obliged to accept this inconvenience. In other words, the 
conventional manufacturing method has a problem that the residue of etching 
solution causes pollution to the steps onward. 

In the conventional lamination step, mold releasing sheet 55 and prepreg 
5 51 solidly attached to sheet 55 pull each other, so that the materials laminated 
slide from each other. 

The present invention provides a method of manufacturing substrates, 
which method hardens the prepreg resin incompletely at the lamination and is 
excellent in accuracy as well as productivity. The present invention also 
10 provides a mold-releasing sheet and an apparatus for manufacturing boards, 
and a method of manufacturing boards using the same mold-releasing sheet 
and the same manufacturing apparatus. 

Disclosure of the Invention 

15 A method of manufacturing boards of the present invention includes 

laminating a prepreg as a lamination layer. This laminating of the prepreg 
comprises- 

heating and pressing the prepreg at given places by a heating 
means via a mold releasing sheet; 
20 removing the pressing and heating; 

cooling the prepreg; and 
peeling off the mold releasing sheet. 
The foregoing manufacturing method allows placing the prepreg over a metal 
foil or a board, or the prepreg over a preprag, and fixing the placed-over unit at 
25 given places, so that double sides boards or multi-layer boards are laminated 
each other accurately. 

Another method of manufacturing boards of the present invention 
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comprises 1 

laminating a prepreg on a metal foil; 

heating and pressing the prepreg at given places for fixing the 
prepreg to the metal foil; 
5 laminating a board, which includes a circuit pattern, on the 

prepreg; 

heating and pressing the board at given places for fixing the board 
to the prepreg; 

laminating another prepreg on the board; 
10 heating and pressing the another prepreg at give places for fixing 

the another prepreg to the board; 

laminating another metal foil thereon; 

heating and pressing the another metal foil at give places for fixing 
the another metal foil to the another prepreg; and 
15 heating and pressing the foregoing entire pressed and heated unit. 

A method of heating and pressing the prepreg at the given places includes- 

heating and pressing the prepreg at the given places by a heat 
and press means via a mold releasing sheet; 

removing the heating and pressing of the heat and press means; 

20 and 

peeling off the mold releasing sheet after the prepreg is cooled. 
According to the manufacturing method of the present invention, the 
given places of the prepreg is heated and pressed by a heated heater-punch via 
a mold releasing sheet. As a result, the resin in stage~B impregnated into the 
25 prepreg is softened or melted to be used as adhesive for rigidly bonding 
structural elements to each other. The stage-B indicates that when a material 
is brought into contact with liquid such as alcohol or acetone, the material 
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swells but not completely dissolves into the liquid, namely, the material is 
tentatively hardened. 

The manufacturing method of the present invention proceeds the process 
such as completing the heat and press, then removing the heat and press, and 
5 peeling the mold releasing sheet off the prepreg after the prepreg is cooled. 
This procedure advantageously allows laminating multi-layer boards 
accurately. 

In the manufacturing method of the present invention, a board having 
circuit patterns is composite formed of woven fabric or non-woven fabric and 
10 thermosetting resin. This structure improves mechanical strength of the 
board. Also in this method, the prepreg is impregnated with resin into its base 
material, and yet, it is kept in stage-B. This structure prevents, e.g. 
thermosetting epoxy resin from being pushed out and flowing out due to the 
pressure. 

15 The mold releasing sheet of the present invenion is disposed between the 

prepreg and the heat and press means when the prepreg is heated and pressed, 
and has both of heat resisting properties and mold release properties. The 
mold releasing sheet is made from fluoro resin, polyphenylene-sulfi.de or 
polyethylene resin both of the latter two materials undergone release-process. 
20 The foregoing sheet can resist the heat from the heater-punch, and eliminate 
the inconvenience of adhering to the prepreg. 

A manufacturing apparatus of boards of the present invention comprises 
the following elements* 

a stage for positioning and laminating board materials* 
25 a pressuring hole provided to the stage for applying a pressure! 

a heating and pressing means movable up and down and disposed 
above and under the holes; and 
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a supplying and discharging means (a mold* releasing sheet unit) of a 
mold-releasing sheet. 

The mold-releasing sheet passes the place of pressuring hole, between the 
upper and lower heating and pressing means for being supplied or discharged. 
5 Another manufacturing apparatus of the present invention has plural 

pressuring holes at given places of the stage. The plural holes, provided where 
the mold releasing sheet passes, can separate the pressure to be applied to the 
lower prepreg and to the upper prepreg. 

Still another manufacturing apparatus of the present invention can 
10 change the tension of the mold releasing sheet rolled on a supply reel disposed 
at a first end of the stage and on a take-up reel disposed at a second end of the 
stage. This structure allows peeling off the mold-releasing sheet 
advantageously with ease after the lamination. 

Yet another manufacturing apparatus of the present invention can adjust 
15 the tension applied to the mold releasing sheet supplied from the supply reel 
and taken up by the take-up reel. This structure allows adjusting a loose 
amount of the sheet so that tension is not yet applied to the sheet after the 
supplying and discharging means (the mold-releasing sheet unit) rises. 

Still another manufacturing apparatus of the present invention includes 
20 plural guide-rollers between the supply reel and the take-up reel for guiding the 
mold-releasing sheet. This structure allows positioning the sheet and bonding 
at plural places at one time. 

Further another manufacturing apparatus of the present invention has 
the supplying and discharging means (the mold-releasing sheet unit) movable 
25 up and down. This structure allows placing and peeling off the mold-releasing 
sheet efficiently, and supplying the boards steadily and at a high productivity. 

Still further another manufacturing apparatus of the present invention 
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includes pressuring holes of which diameters are greater than that of the heat 
and press means, and the heat and press means is movable horizontally. This 
structure allows avoiding pressing the prepreg at the same place plural times, 
so that the boards of equal quality can be obtained. 

Still another manufacturing apparatus of the present invention uses the 
heating means, which heats and presses the mold-releasing sheet at given 
places, as a heater which always heats the sheet, so that an inexpensive 
heating means is obtainable. 

Another manufacturing apparatus of the present invention employs a 
pulse heater or a supersonic-wave generator to the heating means which heats 
and presses the mold-releasing sheet partially. This structure allows cooling 
the sheet heated quickly. 

The present invention provides a method of manufacturing boards with 
the foregoing manufacturing apparatus. The method comprising- 

positioning and laminating board materials on the stage; 

placing the mold-releasing sheet supplied from the supplying and 
discharging means of the sheet onto the board materials; 

heating and pressing the board materials via the mold-releasing sheet 
by the heat and press means; 

removing the heat and press applied to the board materials by the heat 
and press means; 

cooling the board materials; 

peeling the mold-releasing sheet off the board materials; and 

discharging the mold-releasing sheet. 
This manufacturing method produces double-sided boars or multi layer boards. 

The manufacturing method using the manufacturing apparatus allows 
taking up the mold-releasing sheet only from one side after the prepreg is 
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cooled down to its softening point, and at the same time, the sheet is 
sequentially and gradually peeled off the one side toward another side. As a 
result, the sheet can be peeled off smooth. The boards can be thus supplied 
steadily at a high productivity by the manufacturing method using the 
5 manufacturing apparatus which efficiently manufactures the boards. 

Brief Description of the Drawings 

Fig. 1A — Fig. 1G show sectional views illustrating a manufacturing 
method of boards in accordance with an exemplary embodiment of the present 
10 invention. 

Fig. 2A — Fig. 2F show sectional views illustrating a manufacturing 
method of multi-layer boards in accordance with an exemplary embodiment of 
the present invention. 

Fig. 3 shows a perspective view of a manufacturing apparatus of boards 
15 in accordance with an exemplary embodiment of the present invention. 

Fig. 4A — Fig. 4E show operations of a manufacturing apparatus in 
accordance with an exemplary embodiment of the present invention. 

Fig. 5A — Fig. 5F show sectional views illustrating a conventional 
manufacturing method. 
20 Fig. 6A — Fig. 6E show sectional views illustrating a conventional 

manufacturing method of multi-layer boards. 

Fig. 7 is a schematic diagram illustrating problems of the conventional 
manufacturing method of boards. 

25 Preferred Embodiments of the Invention 

Exemplary embodiments of the present invention are demonstrated 
hereinafter with reference to the accompanying drawings. 
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Exemplary Embodiment 1 

Fig. 1A — Fig. 1G show sectional views illustrating steps of 
manufacturing double-sided boards (two layers) which are to be inside core 
boards of multi-layer boards in accordance with the first exemplary 
5 embodiment of the present invention. 

Fig. 1A shows aramid-epoxy sheet (hereinafter referred to as prepreg) 1 
formed of composite in which aromatic polyamide non-woven fiber, of which 
dimensions are 400mm square and 150 m m thick, is impregnated with 
thermosetting epoxy resin, and via 2 filled with conductive paste by printing. 
10 Via 2 is a through hole processed by laser beam. 

Fig. IB shows copper foil 3a situated on positioning stage 6, 
heater-punches 4a, 4b having a tip of approx. 10mm across and working as a 
heating means, and mold-releasing sheet 5. The releasing properties of sheet 5 
are increased by applying silicon to polypheneylene-sulfide of 75/im thick. 
15 When sheet 5 is solidly pressed onto prepreg 1, the side undergone the 
release-process is brought into contact with prepreg 1. 

Place prepreg 1 on copper foil 3a situated on stage 6 by using a 
recognition device such as CCD to recognize a positioning via (not shown) for 
laminating prepreg 1 on copper foil 3a. Then heat prepreg 1 at given places for 
20 approx. 3 seconds by heater-punches 4a, 4b heated up to approx. 100°C with a 
pressure of O.lMpa. This heat and press soften or melt the thermosetting 
epoxy resin, so that prepreg 1 and copper foil 3a are bonded together. 

Next, as shown in Fig. 1C, remove the heat and press applied by heater 
punches 4a, 4b, then situate mold-releasing sheet 5 on prepreg 1. At this time, 
25 since sheet 5 has been heated and pressed up to a temperature slightly higher 
than the softening point of prepreg 1, the thermosetting epoxy resin 
impregnated into prepreg 1 is not pushed out or hardened although it is pressed, 
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but kept in stage-B status. 

Next, as shown in Fig. ID, peel sheet 5 off at its one side gradually and 
sequentially after the heated and pressed section of prepreg 1 lowers its 
temperature. Sheet 5 can be peeled off prepreg 1 lightly, to be more specific, a 
temperature lower than the softening point of the thermosetting epoxy resin 
facilitates sheet 5 to be peeled off more lightly 

Mold-releasing sheet 5 is formed by applying epoxy resin onto the surface 
of polyethylene resin and hardening it for improving heat resistance as well as 
release properties. Use of fluoro-resin instead of the foregoing material will 
produce a similar advantage. 

Next, as shown in Fig. IE, laminate copper foil 3b on prepreg 1, then 
heat and press prepreg 1 at given places with pressure of 0.1 Mpa for approx. 3 
seconds by heater punches 4a, 4b heated up to approx. 100°C, thereby rigidly 
bonding copper foils 3a, 3b and prepreg 1 together. 

Next, as shown in Fig. IF, heat and press the entire face of prepreg 1 by a 
hot press (not shown) up to 200°C with pressure of 5 Mpa for approx. 2 hours. 
The step of heat and press melts and hardens the thermosetting epoxy resin 
impregnated in prepreg 1, and the melted and hardened resin bonds upper and 
lower copper foils 3a, 3b to prepreg 1. Surplus copper foils at the ends of 
prepreg 1 are cut, so that two-layer copper-clad laminated board 7 is produced. 
The step of heat and press electrically couples upper and lower copper foils 3a 
and 3b because of via 2 provided to prepreg 1 and filled with conductive paste. 

Then as shown in Fig. 1G, remove the copper foil selectively from 
laminated board 7 by etching, thereby completing two-layer board 9 having 
circuit pattern 8. At this time, the sections of prepreg 1 heated and pressed by 
heater-punches 4a, 4b are in stage-B status; however, the core material of the 
board is not exposed because the resin becomes liquid status when prepreg 1 is 



14 



pressed. Thus the etching solution does not soak into the circuit pattern, so 
that residue of the etching solution is kept down from being brought to the next 
step. 

Figs. 2A— 2F show sectional view illustrating a method of manufacturing 
5 multi-layer boards in accordance with the present invention, these drawings 
show a board having four layers. 

In Fig. 2A, copper foil 3a and prepreg la are placed on stage 6 after the 
same steps as shown in Figs. 1A - ID are taken. Then laminate two-layer 
board 9 as an inner core board on prepreg la. This lamination is done after a 
10 positioning pattern (not shown) formed on board 9 and positioning via (not 
shown) formed on prepreg la are registered by using a recognition device (not 
shown) such as CCD. After the registration, heat and press prepreg la and 
board 9 at given places via mold-releasing sheet 5 by heater-punches 4a, 4b 
heated up to approx. 100°C for approx. 3 seconds. Copper foil 3a, prepreg la 
15 and two-layer board 9 are thus bonded together. 

In the foregoing heat and press step, mold-releasing sheet 5 is used, 
because direct press of the inner board by heater-punches 4a, 4b will 
contaminate the inner board, and the use of sheet 5 also prevents sheet 5 from 
welding to board 9. Sheet 5 can be thus peeled off immediately after the heat 
20 and press step free from any trouble. 

Next, as shown in Fig. 2B, the positioning pattern (not shown) on board 9 
and a positioning via (not shown) formed on prepreg lb are registered by using 
the recognition device (not shown) such as CCD, then prepreg lb is laminated 
on board 9. After the registration, heat and press prepreg lb at given places 
25 via mold-releasing sheet 5 by heater-punches 4a, 4b heated up to approx. 100°C 
for approx. 3 seconds, so that board 9 and prepreg lb are bonded together. 

Next, as shown in Fig. 2C, after the heat and press by heater-punches 4a 
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and 4b, wait until the heated section of prepreg lb cools down, and peel off 
sheet 5 from one side sequentially and gradually, which can prevent the boards 
laminated from deviating from each other. A temperature lower than the 
softening point of the thermosetting epoxy resin impregnated into prepreg lb 
5 facilitates peeling sheet 5, so that this lower temperature also prevents the 
boards from deviating from each other. 

Next, as shown in Fig. 2D, laminate copper foil 3b on prepreg lb, and 
heat and press copper foil 3b at given places by heater-punches heated up to 
approx. 100°C for approx. 3 seconds. As a result, copper foil 3a, prepreg la, 
10 two-layer board 9, prepreg lb and copper foil 3b are bonded together. 

Next, as shown in Fig. 2E, set a hot-press (not shown) at 200°C and 5 
Mpa for heat and press, thereby melting thermosetting epoxy resin 
impregnated in upper prepreg la and lower prepreg lb, then bond copper foils 
3a, 3b, prepregs la, lb and two-layer board 9 together with the thermosetting 
15 epoxy resin. Four-layer copper clad laminated board 10 is thus completed. 

Further, as shown in Fig. 2F, remove selectively the copper foil on the 
surface of board 10 by etching for forming circuit pattern 11, so that multi-layer 
board 12 having 4 layers are produced. 

Particular sections of board 12 heated and pressed by heater-punches 4a, 
20 4b have been kept in stage -B status before the hot-press is applied, so that the 
hot-press turns the resin into liquid and the board surface is kept flat. The 
core material of board, i.e. aramid, is not exposed on the surface, so that board 
12 is kept in good condition. 

If a user wants to produce multi-layer board 12 having not less than 4 
25 layers, the user can use an inner core board instead of two-layer board 9, and 
repeat the steps shown in Figs. 2A — 2F. 

In this first embodiment, the steps of placing copper foils 3a, 3b on stage 
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6, then laminating prepreg, core board, prepreg, and copper foil sequentially in 
this order are described. However, the respective steps can be applied to 
another method, e.g. prepregs are placed on both sides of a core board, and the 
foregoing elements are bonded to both sides sequentially. There is still another 
5 laminating method" plural core boards and prepregs are piled up alternately so 
that the prepregs become the outer most layers. 

In other words, the manufacturing method of the present invention 
produces a similar advantage in the following procedure' a mold-releasing sheet 
is disposed between the prepreg and the heater-punches, then the sheet is 
10 peeled off, and copper foils are put on the prepreg. Then the unit as a whole is 
heated by a hot-press to produce a multi-layer board. 

In this embodiment, aramid-nonwoven fiber is used as a core material; 
however, woven fiber made from glass-epoxy can be used with a similar 
advantage. 

15 The inventors direct their attention to the problem of the conventional 

manufacturing method, and study peeling properties of the mold-releasing 
sheet to find an appropriate peeling condition based on experiments. 

This appropriate condition allows the heater-punch not to be set at a high 
temperature, so that the resin in the prepreg does not become liquid or flow out, 

20 and yet, the resin is not hardened. The problem, i.e. the resin attaches to the 
sheet when the mold-releasing sheet is peeled off, is thus overcome. The 
present invention also allows the prepreg not to be pulled by the sheet, so that 
deviation of laminated layers from each other does not occur, which increases 
the bonding strength. 

25 Table 1 shows the comparison of peaks and valleys of board surfaces 

between the manufacturing method of the present invention and the 
conventional manufacturing method. 
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TABLE 1 





Mfg. method of the invention 


I conventional Mfg. method 


before heat 
and press 


100 
[xm/cm 




100 
fxm/cm 








Ra=2.1^im 


Ra=2.2^im 






solidly pressed 
section after 
heat and press 


100 
pun/cm 




100 
|nm/cm 


resin reservoir formed by 
heater-punch 






Ra=4.2n.m 


Ra=8.1^im 








solidly pressed 
section after press 


100 
^im/cm 




100 
[xm/cm 








Ra=0.9jxm 


Ra=2.2fAm 
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According to both of the Mfg. Methods, core -material is exposed from both of the 
board surfaces, and have surface roughness Ra of approx. 2 jx m respectively. 

If the board in this condition is heated and pressed by the conventional 
method, the resin pushed out by the heater-punch forms a resin reservoir 
5 around the heater-punch, and the sections heated and pressed expose the core 
material of the prepreg to make surface roughness Ra = 8.1 /x m. On the other 
hand, if the board is heated and pressed by the method of the present invention, 
the surface roughness becomes Ra = 4.2 jx m, and the resin is still in stage-B 
status. 

10 The prepreg in the foregoing condition is heated and pressed by a 

hot-press. In the conventional method, since the resin is about to be hardened, 
the resin does not flow enough. The peaks and valleys already formed still 
exist, and surface roughness Ra = 2.2 fx m indicates that the core material of the 
prepreg is explicitly exposed. 

15 On the other hand, in the method of the present invention, although the 

surface seems more or less rough after heat and press, the resin remains in 
stage-B status on the prepreg surface. Thus after the press, the surface 
becomes flat, i.e. roughness Ra = 0.9 /zm. As a result, residual of etching 
solution does not adversely influence the steps onward, and an active area to be 

20 used as a board is expanded, thereby improving the material efficiency. 
Although the conventional method needs a heating temperature as high as 
300 °C, the method of the present invention can heat at a rather lower 
temperature, so that the power of the heater-punch can be saved, and the 
service life of the heater-punch can be extended. As a result, quality and 

25 productivity of the boards are improved. 
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Exemplary Embodiment 2 

Fig. 3 shows a perspective view of a manufacturing apparatus for 
manufacturing the boards of the present invention. Fig. 3 shows 
heater-punches 4a, 4b to be used as heating means, and positioning stage 6 
5 having pressuring holes 24 at given places for pressing an underside of a board. 
Supply reels 22 are disposed at given places on one side of stage 6 for supplying 
mold-releasing sheet 5, and tape-like mold-releasing sheet 5 is wound on a 
plastic core, and this core is mounted to respective reels 22. 

Sheet 5 supplied from reel 22 is guided by guide-roll 25a and fed onto 

10 stage 6, and travels through heater-punches 4a and 4b, which are disposed at 
given places on stage 6, such that sheet 5 divides the heater punches into upper 
section 4a and lower section 4b. Then sheet is guided by guide roll 25b and 
taken up by take-up reel 23. 

Placement of sheet 5 as shown in Fig. 3, namely, placement of four pairs 

15 of heater-punches 4a and 4b, allows bonding at four places at one time. 
Additional pressuring holes 24 at given places, where sheet 5 travels, on stage 6 
allows dividing the pressure to pressure applies to lower prepreg la and 
pressure applied to upper prepreg lb (refer to Fig. 2F). This structure avoids 
pressing the prepreg at the same place plural times. In this case, 

20 heater-punches 4a, 4b can be added, or a greater hole diameter of pressuring 
hole 24 than that of heater-punches 4a, 4b allows moving by a slide-bearing or 
the like. 

The manufacturing apparatus of the present invention manufactures the 
boards at a higher efficiency, and assures supplying the boards steadily and at a 
25 higher productivity. 
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Exemplary Embodiment 3 

An operation of the manufacturing apparatus for the boards of the 
present invention is demonstrated with reference to Figs. 4A — 4E. In this 
demonstration, descriptions are particularly focused to the following two steps* 
5 solidly pressing prepreg 1 after prepreg 1 is laminated on copper foil 3a, and 
peeling-off mold-releasing sheet 5. 

Fig. 4A shows prepreg 1 positioned and situated on copper 3a placed on 
positioning stage 6. Sheet 5 is disposed over prepreg 1, and supplied from 
supply reel 2. Sheet 5 is then guided by guide roll 25b and taken up by 
10 take-up reel 23. Both of supply reel 22 and take-up reel 23 have a tension 
adjusting function. 

Fig. 4B shows the steps of heating and pressing by heater-punches 4a, 4b. 
Pressing heater-punches 4a, 4b prompts the following elements to lower almost 
at the same time- supply reel 22, guide rolls 25a, 25b, mold-releasing sheet 5, a 

15 supplying and discharging means (it is called a mold-releasing unit) of take-up 
reel 23. Tension between supply reel 22 and take-up reel 23 is released, and 
sheet 5 comes off guide rolls 25a, 25b. Copper foil 3 and prepreg 1 are solidly 
pressed onto this loose sheet 5. In Fig. 4B, sheet 5 loosens such that rise of the 
mold-releasing unit does not yet provide sheet 5 with tension. 

20 Next, as shown in Fig. 4C, when heater-punches 4a, 4b remove the 

pressure, the mold-releasing unit rises at the same time. At this time, since 
sheet 5 is loose, sheet 5 is kept bonded on prepreg 1. 

Then after prepreg 1 cools down to its softening point, supply reel 22 is 
kept as it is, and take-up reel 23 takes up sheet 5. Sheet 5 is thus taken up 

25 only from one side, and at the same time, sheet 5 is peeled off gradually and 
smoothly from this one side toward another side. Take-up of sheet 5 allows 
peeling sheet 5 off the solidly pressed section near the supply section as shown 
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in Fig. 4D. Fig. 4E shows that the copper foil and the prepreg have been 
solidly pressed to each other, and sheet 5 has been peeled off. 

Industrial Applicability 

5 The manufacturing method of the boards of the present invention, and 

the method of manufacturing boards using the mold-releasing sheet and the 
manufacturing apparatus of the present invention allow keeping a heat 
temperature not lower than the softening point of the resin impregnated in the 
prepreg as well as keeping the resin in stage-B status in the following case- 

10 Surface of the prepreg is heated and pressed by a heater-punch via the 
mold-releasing sheet for bonding a copper foil to a core board. 

When the sheet is peeled off the surface of prepreg, the sheet is peeled off 
from its one end sequentially and gradually. This method prevents the resin in 
the prepreg from attaching to the sheet. This prevention eliminates an 

15 exposure of core material of the prepreg from the section solidly pressed when 
the board is molded, so that etching solution is prevented from soaking into a a 
circuit pattern when the circuit is formed. As a result, quality of the boards 
improves, more stable laminating steps can be expected, and the boards are 
manufactured at a higher productivity. 
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